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Major Drivers of Current Work 


• To provide computational tools as an economical option for developing 
future space transportation systems (i.e. RLV subsystems development) 

Impact on component derign Rapid turn-around of Ugh-f IdeRty anaiyri* 

Increaee durability /eafety Accurate quantification of flow 

(Le. prediction of f low-induoed Oration) 

Impact on eyetem pe r form an ce ^ Atone complete eyeteme analyeie 

uring high-f ideftty took 

• Target 

Tbrbo-pump component anal yrie ^ entire *fc-*yctem* rimukrHon 
Computing requirement to large? 

# TI» goal i* to achieve 1000 time# qned ip over vriwt vcu peeeible in 1992 


Objectives 




• To enhance incompressible flow simulation capability for developing 
aerospace vehicle components, especially, unsteady flow phenomena 
associated with high speed turbo pump. 
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INS30 - Incompressible N-S Solver 


** PanaMo/ tmnr/oo : Bosod on 3NSSO-UP 
•AAPI and A ALP parallel versions 

• Structured, overset grid orientation 

• Moving grid capability 

• Based on method of artificial compnessfcility 

• Both steady-state and time-accurate formulations 

• 3*^ and 5 ^- 0 rder flux difference splitting for convective terms 

• Central differencing for viscous terms 

• One- and two -equations turbulence models 

• Several linear solvers : GAARBS, GS line-relaxation, LU-SGS, 

GS point relaxation, ILU(0)_^. 

•HISTORY 

** 1982-1987 Original version of IN 530 - Kwok, Chang 
** 1988-1999 Three different versions were devoped : 
3NS3D-UP / Rogers, Kiris, Kwak 
IN53D-LU / Yoon, Kwak 
IN53D-FS / Rosenfeld, Kiris, Kwak 




Time Accurate Formulation 


• Time-integration scheme 

Artificial Compressibility Formulation 

* Introduce a pseudo-time level and artificial compressibility 
• Iterate the equations in pseudo-time for each time step until 
incompressibility condition is satisfied. 


Pressure Projection Method 

’ Solve auxiliary velocity field first, then enforc e 
incompressibility condition by solving a Poisson equation 
for pressure. 
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Artificial Compressibility Method 


Time- Accurate Formulation 

• Discretize the time term in mom e ntum equations using second-order 
three-po int backward-difference formula 

t Y+i 

3U + dV + dW =0 . iq--Aq- + q- ' 

H *n 55 

* Introduce a pseudo-time level and artificial cotnpressbilHy, 

■ Iterate the equations in pseudo-time for each time step until 
ineompressbility condition is satisfied. 


pn+\.m}—— q»+\, m +\ 

At 

«+l*+i ^ 3 a 


L5r nm+x _.+«.« _ 3q f, *'*-4q"+q m ~ t 

A/l J oa# 


Impulsively Started Flat Plate at 90 ° 


• Time History of Stagnation Point 
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■ HXP(Huwdi, 1971) 

1NS1D-UP 

INSIDES 

Me Bra. 3d. (To* da, t9B) 
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• Challenges where improvements are needed 

- Time-integration scheme, convergence 

- Moving grid system, zonal connectivity 

- Parallel ooding and scalability 

• As the computing resources changed to parallel and distributed 
platforms, computer science aspects become important. 

- Scalability (algorithmic A implementation) 

- Portability, transparent coding, etc 

• Computing resources 

- “Grid* computing will provide new computing resources for 
problem solving environment 

- High-fidelity f bw analysis is likely to be performed using "super 
node" which is largely based on parallel architecture 
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M Scripting Capability 

. _ iBBr 

SCRIPTING CAPABILITY FOR GRID GENERATION 

> Require expertise to build scripts the first time 

> Allow rapid re-run of entire grid generation process 

> Easy to do grid refinement and parameter studied 

> Easy to try different grlddlng strategies 

> Documentation of grlddlng procedure 

> Written In Tel scripting language 

> works on UNIX, UNUX and WINDOWS 

> Integer and floating point arithmetic capability 

> modular procedure calls 

> easy to add GUI later If needed 
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